The generality of findings implicating secondary auditory areas in auditory imagery was tested by using a timbre imagery task with fMRI. Another aim was to test whether activity in supplementary motor area (SMA) seen in prior studies might have been related to subvocalization. Participants with moderate musical background were scanned while making similarity judgments about the timbre of heard or imagined musical instrument sounds. The critical control condition was a visual imagery task. The pattern of judgments in perceived and imagined conditions was similar, suggesting that perception and imagery access similar cognitive representations of timbre. As expected, judgments of heard timbres, relative to the visual imagery control, activated primary and secondary auditory areas with some right-sided asymmetry. Timbre imagery also activated secondary auditory areas relative to the visual imagery control, although less strongly, in accord with previous data. Significant overlap was observed in these regions between perceptual and imagery conditions. Because the visual control task resulted in deactivation of auditory areas relative to a silent baseline, we interpret the timbre imagery effect as a reversal of that deactivation. Despite the lack of an obvious subvocalization component to timbre imagery, some activity in SMA was observed, suggesting that SMA may have a more general role in imagery beyond any motor component.
Introduction
Imagining a favorite tune is a common experience; this imagination can be so vivid and durable that songs can get "stuck" in the head (an "earworm", in German) . People have the impression that this mental experience captures a number of aspects of real music, such as pitch, tempo, and temporal extension. And indeed, using a variety of experimental methods, Halpern (see Halpern, 1992 for a review) found that people react to melodic and temporal aspects of music in a similar way whether the tune is imagined or perceived. For instance, the preferred tempo of a familiar song that is actually being played and the preferred tempo of an imagined familiar song are quite similar over a wide range of base tempos (Halpern, 1988) .
Another aspect of real music is timbre, or the sound quality of different musical instruments or voices. In many styles of music, the contrast and similarity of timbre is an essential aspect of the musical composition. A famous example is Ravel's Bolero, in which the same theme is repeated many times, but with different instrumentation each time. Timbre perception has been studied extensively (Risset & Wessel, 1999) , but much less is known about timbre imagery. Introspection suggests that timbre could be represented in auditory images, along with pitch and tempo. The reader is invited to imagine a song, perhaps Happy Birthday, first as played by a piano, and then by a trumpet.
An objective demonstration of auditory imagery for timbre was offered by Crowder (1989) who presented two tones and asked listeners to say whether the pitches were the same or different. If the two tones were played in different timbres (guitar and flute), subjects were slower to say that same-pitch pairs were indeed the same pitch, compared to tones played in the same timbres, showing an interference effect of timbre on pitch judgments. In a second experiment, Crowder created an imagery version of the task by presenting a sine wave, accompanied by instructions to imagine the sound as being played by a guitar, flute, or trumpet; the second tone was then sounded in one of the three timbres. As in the perception task, when the imagined timbre was different from the perceived sound, same-different judgments were slowed.
